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Abstract : This paper presents the fabrication and performance of a 0. 18/ m nMOSFET for RF applications. This
device features a nitrided oxide/ poly-silicon gate stack,a lightly-doped-drain source/ drain extension,a retrograde
channel doping profile,and a multiple-finger-gate layout ,each of which is achieved with conventional semiconduc-
tor fabrication facilities. The 0. 181 m gate length is obtained by e-beam direct-writing. The device is fabricated
with a simple process flow and exhibits excellent DC and RF performance:the threshold voltage of 0. 52V ,the
sub-threshold swing of 80mV/ dec,the draininduced-barrier-lowering factor of 69mV/V ,the off-state current of
0 5nA/d m,the saturation drive current of 4581 A/l m (for the 6nm gate oxide and the 3V supply voltage) ,the sat-
uration transconductance of 2121 S/ m,and the cutoff frequency of 53GHz.
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1 Introduction

In recent years,the scaling down of CMOS has
led to significant improvementsin the RF perform-
ance of MOS devices. Consequently ,CMOS has be-
come a viable option for analog/ RF applicationsin
the multi- GHz frequency range. Compared with the
GaA s technology that iswidely used in RF applicar
tions,CMOS technology has the advantages of a
mature process ,low cost ,and high integration den-
sty. The ITRS Roadmap 2003 predicted that RF
CMOS would be predominant in cost-sensitive RF
applications, such as Bluetooth and WL AN ,which
have been demonstrated tremendous market poten-
tial. To date,many RF CMOS products have be
come available in markets or reached the demon-
stration stage. RF/ mixed sgnal CMOS circuit fab-
rication services are also available in mainstream
foundries® .

However ,in the Chinese mainland ,RF CMOS
research isfar behind that of theinternational com-
munity. In 2004 ,we reported a 0. 23 m SOl RF
MOSFET with a 17. 78GHz cutoff frequency™'.
This was later improved to 25 6GHz for the same
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gate length™® . However ,this is still much lower

than that of currently available 0. 234 m MOSFETs
with cutoff frequencies in the 30 40GHz
range'”**’. With much efort, we have scaled the
gate length down to 0. 18/ m for bulk slicon de
vices and achieved a 53 GHz cutoff frequency in this
work. These specifications are comparable to state
of the art technologies provided by foundries (40
60GHz) “*'. The smple process flow and the DC
characteristics of the device are al 0 presented.

2 Sructure and fabrication

The starting substrate material was 100mm p-
type (001) wafer with a redstivity of 10 20X -
cm. The main processes were based on the technol-
ogy platform for 0.1 0 3% m CMOS integrated
circuits that was developed at the Institute of Mi-
croelectronics of the Chinese Academy of Sciences
(IMECA S "™ Some necessary adjustments were
made for RF MOSFETSs.

The processflow is shownin Fig. 1. After LO-
COS isnlation, dual implants (B and BF:.) were
used in channel engineering to form a retrograde
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doping profilefor the purpose of properly adjusting
threshold voltage and suppressng short-channel
effects (SCE). The doping profile,obtained with
LOCOS isolation

Vr-adjusting & ant-punchthrough mplanting;
BF,"/80keV/2x10'2 ¢mY/7°+B*/45keV/7%10'? cm™?/7°
Gate stack patterning: 6nm SiON/250nm poly-silicon
LDD mplanting: As*/5keV//3x10' em?/7°

TEOS oxide sidewall 200nm

Deep S/D implanting. As*/25keV/5x10'% cm™?/7°
RTA. 1015C,6s

TiS1; salcidation

Fg.1 Processflow for 0. 18l m RF nMOSFET

the TSUPREM simulator™ |is shown in Fig. 2.
Our use of the e-beam direct-writing technique in
combination with wafer pretreatment in plasma of
CFs isakey for the patterning of the 0. 1§ m gate,
as shown in the inset (a) of Fig. 2. A shalow
source/ drain (§ D) extension junction with suffi-
ciently high doping isindispensable for dight SCE
(short channel effects) and low series S D resist-

Insets are SEM im-
age of 0. 18I m gate line (a) and multi-finger gate
structure (b).

Fig.2 Smulated doping profiles

ance ,which were obtained by low energy ,mediunr
dose As implantation followed by typical heavy-
dose,deep §/D As implantation and RTA (rapid
thermal annealing) . Ti-salicide with a Ge PAI (pre-
amorphous implant) was used to reduce the para
dtic redgstance of the gate,drain,and source elec
trodes™ . Note that the Ge PAI can suppress the
TiS2 narrow line effects snceit isthe key factor in
reducing the sheet resstances, especially for the
0. 18 m gate. Additionally for the layout ,as a typi-
cad RF MOSFET gate structure,the multi-finger-

gate pattern ,which is shown in the inset (b) of
Fig. 2 ,was used to further reduce the gate parasitic
series res stance.

3 Resultsand discussion

The DC characteristics of the fabricated de-
vices were measured with an HP4145 semiconduc-
tor parameter analyzer ,and the RF Sparameter
was measured by an HP8510C vector network ana
lyzer connected to a Cascade Microtech Summit
9000 probe station with ground-signal-ground
(GSG) pattern probes. The Y parameters (conver-
ted from the measured S parameters) of the open
patterns were subtracted from those of the DUT
(device under test) in order to extract the parasit-
icsinserted by the probes and the pads to a certain
degree'™®

The trander characteristics of the 0. 18I m
NMOSFET ,under 0. 1 and 3V drain biases, are
shownin Fig.3(a). A threshold voltage of 0 52V
isobtained ,which is moderate for operation with a
3V supply voltage. The other parameters extracted
from thisfigureinclude the sub-threshold swing of
80mV/dec, the draininduced barrier-lowering
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Fg.3 DC characteristicsof 0. 181 m RF nMOSFET
(a) Transfer characteristics; (b) Output characteristics
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(DIBL) factor of 69mV/V ,and the off-state cur-
rent of 0. 5nA/J m. These parameters show that the
SCE are well controlled by the dual implant ap-
proach combined with the LDD structure.

Figure 3(b) shows the output characteristics
of the device. For operation with 3V supply volt-
age ,the saturation drive current of 4581 A/J m and
the saturation transconductance of 2120 Y m are
obtained ,which are high enough for the 6nm gate
oxide. Clearly , higher drive current and transcon-
ductance can be achieved by thinning the gate ox-
ide ,which is typically 3nm for 0. 18! m technology
infoundry services. Additionally ,extrapolating the
source-to-drain resistance (Ros) of a group of de
vices with different gate lengths to zero gate
length ,an extracted parasitic § D series red stance
of 2592 -J misobtained,whichis 30 % larger
than the prediction for high performance MOS
FETs (<200 - um) defined by ITRS 2003 .
Further improvement may be achieved by adjusting
the LDD extenson structure (length and doping)
or adopting advanced salicidation technologies,
such as Ti/ Co- ,Co- ,and Ni-salicidation™ ™ .

Extrapolated cutoff frequencies ( fr) are
shown in Fig. 4. The extrapolation is from the
maxi mum available frequency of 15GHz and along
the dashed line with the dope of - 20dB/ dec. The
de-embedded and DU T cutoff frequencies are 53

50
.. 0.18pum nMOS
401 o Ves=1.5V,Vps=3V
9 | 0 "u, —=— De-embeded
£ 30f oy DUT
&}
=
S 201
§ [ 53GH
or 31GH \Z
L z e
0 \ 1\\‘\ X
108 10° 10 1on
Frequency/Hz
FHg. 4  Current gain versus frequency of 0 18 m
nMOSFET

and 31GHz ,respectively. Thisindicatesthat the de
embedding approach is absolutely indispensable for
the accurate characterization of RF deviceson lossy
slicon substrates. The 53GHz cutoff frequency is
comparable to state-of-the-art 0. 181 m RF CMOS
technology*!. However ,it should be noted that
thereis still room for improvement of cutoff fre-
quency since the § D series res stance could be f ur-

ther reduced as mentioned above.

4 Conclusion

In this paper ,the structure and process of a
0. 18 m nMOSFET have been proposed for RF ap-
plications. The device is fabricated with a smple
process flow and demonstrates excellent DC char-
acteristics and the high cutoff frequency of 53GHz,
which is comparable to current RF CMOS technol-
ogies provided by mainstream foundries. This de-
vice is promising for multi- GHz RF applications.
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